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Abstract of JP2000357842 

PROBLEM TO BE SOLVED: To 
provide a semiconductor laser using 
nitride based lll-V compound 
semiconductor which can easily 
realize decrease of a driving voltage, 
stabilization in transverse mode, 
increase of a divergence angle of 
beams in the horizontal direction of a 
far field pattern, prevention of 
deterioration of laser characteristic 
which is to be caused by irregularity of 
the form of a resonator end surface, 
and improvement of noise 
characteristic. 

SOLUTION: In a GaN based 
semiconductor laser of a refractive 
index waveguide type in which Si02 
current constriction layers 1 1 
absorbing no lights from a GalnN 
active layer 5 are formed on both sides 
of a ridge part 9 composed of an upper 
layer of a P-type AIGaN clad layer 7 
and a P-type GaN contact layer 8, 
tapered regions 9a whose width 
decreases from the central part of the 
resonator lengthwise direction toward 
both ends of the resonator lengthwise 
direction are formed in both end parts 
of the ridge 9 in the resonator 
lengthwise direction. The central part 
of the ridge 9 in the resonator 
lengthwise direction is made a straight 
region 9b halving a constant width. 
The width W1 of both ends of the ridge 
9 in the resonator lengthwise direction 
is made at most 3 &mu m. The width 
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W2 of the central part of the ridge 9 in 
the resonator lengthwise direction is 
made at least 4 &mu m. 
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[«3HII**>«II] 

±tBig i co? v ••/ vm±.<7)&&mt , 
u 

±tam2£0^ 7 -y K*tR«-*>*ifc y y ^'gpcoMffliogB 

#t, ild^ttS^^cO^SriKiRL^v^^^^s^ 

■c. 

[|f*3l2 ] ±faU -y ^<0±ffi±tig^^I*IO^ifc 
»ti*J»t*flW«4 jumEUfCft 0 , ±12 'J -y ^'gP^-hfe 
*«SI**I*I<OWS||iBfc:lS»tft«3&«3 w mOTTfc h Z 

»t*S 4 flU<4 mfcLtT'fc 0 . ±ta 'J y 5*aW>JJE 

IT. 

[ watJB4 ] ±IB y >y 5TO^JJE&*Hfi»:J5rmtf> 

»tti tt* «* t 4 m mvih-ch o , ±ie y «y ^aso-tia 

[00 0 1] 

[fSHflcomT£*SW#IJ] £<0*JHi¥3Wtsl^-ireW 
■T&t^TftO, Wfc, BIUKKI I I -VBHk^ft* 

[00 02] 

[fil:5fc<7)g£fl}3 GaNtft»$ft.S»fMfc5Rl I I -V 

mi&wmi* <iar r GaNi^j ttv^ > 

»fcLT*aT*4. Wt. ^GaNl^MfflV^ 

4 0 0 n mttfte>3BS&£tf& £>*t,& £ fc <5> , HfBfi 
WKWltT< x?mi<wmt LTT^t&SStrt^ 

[00 03] H4fcJ:t/ll5«:, Ztlt Xt,z$m2tlX 
^i>t&fc<OGaN^^#^-^oH?!l£^-r (fflxJf 
Japanese Journal of Physics Letters vol.36 P.L156 

8) . zzx\ 04t±#mEL msa^wmx-hz. z 

cOi>cr>X'$>&. 



[0004] 04i3<ky05t*-f J: -3t, <rcot£3fc<D 
GaN**NW|cl/— !ftfclvC{±, cfflcO^^ r -f T 

(Al 2 0 3 ) *}£1 OUKTXH-rcOGaNA'y 
7rWl022r^LT, nlGaNay?? hill 0 

3, nSAlGaN?77p|104 s GalnNSfi 
ill 0 5, plAlGaN^77fl06, pIAI 
GaN?7-yKJf 1 0 7 ti iX/ p MG a. N a V?? hfg 

1 oaim#MM2tvzm>. 

[000 5] pIAI GaN?5-y Kill 0 7<7>±Jlg]5 
fcltfpSGaNrjy^Mll 0 8ii, — :frr6]t®iE 
fSXM/-hXh7^7I«'J •yi''^t££1rr£. ft 
•f-109{i, ^^plAlGaN?77.KI107 
cOJJfSPfcitA'pMGaNrj^? HIi o 8tJ: Ofif 
'J >y ^gBSrijrT. i <?) y ? i?® 1 0 9 ii^H 
*:frl*Itl&— **W*3rf&. dcoy-yi/gpio 
9<Dff ( 'J va^lBfcfcV^ ) W{±, iJvyWl 0 

[0006] nlAlGaN^7 7HI104, Gal 
n NvSttif 1 0 5 , pIA 1 GaNdf-v -yrJll 0 6*5 
itfpSA 1 GaN?57Hfl 0 7tfOTil^i±, — U 

\anzm&?&im.<?>xvmtt*ii~?&. ftf-i 1 oii, 

•^cTXX-trg&S:^-?-,, =5r*5. B5tfcWCU:* Z<7)^vm 

1 1 o^jc-rsgPTT*^?^, i*u=iwfrr&»iHi 
mfrmw2tix^&. 

[0007] !i7yll0 9<mm^Wzii, G a I 
nNfS-ftJll 0 5*^«03t^©iRL^V%S i 0 2 VSKR 

^Jii 1 1 tfm&zti. z.wizz^xwm&tomm 
mztixwh* zcos io 2 nffim^mi 1 int. 

raT'<7)M*&$r|S&iht--g.^i6t^^l 1 OcoMfflttlS 

it^ixrv^,, ^^s, .r?u-3ty y^gpi o 9«7)Mi 

ts i 0 2 «8CK«Mi 1 1 ltff£.mZti&Zkl,z£~> 
X , 'J >y ^'35 1 0 9 1 TOr&g|5#?)/5tff3£#K< s 

[0008] plGaNny^7Ml08^J;^Si 

0 2 m»*^ill 1 l±tt±, N i/Pt/Au^tO 
J:o^p®J«SS1 1 2^iSlt^>ix, 1 OtBUS 
-TSnMGaNny^^Mll 0 3±tti, Ti/Al 
WfonXotcnWm&l 1 3*>'|gtt^T^S. 

[0009] ^/c, ;<»GaN^ftl/- 
W*ffi§ISffi«±, -t^ r >f TfflS 1 0 1 

vw&*&m-&Ga.wmmibmkmz&m {mum 
m) -t&zk\z£ v&fg&tvtimtosmmizx <om®.2 
iix^z. zzx\ y-7T4Tmm.zm\>->KGa.u%& 
mftu—vxii. is-vmmz&m~r&Ga.Nmm# 

mZKm&4 *>^v*hV7 (R IE) ffiCi^yf 
y^L, zc^Lv+yT-lzXiomtiiZixtzWmm (x v 
fb-7 7 -t7h) i 4: t>^JfgT'S> 

4. L*»L^r*<<b, ^■yr^rmuiRi E 
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t Lxm^tzm^, x&v>y?Tvy°t Lx<mmm 
r-r*. ztuzfctLx. mwimmtizx. o^mssBB** 

sag©** ^ mit $ p 7r^ rs^^ffl-c- 

[0010] ±M(0£ -D IZffif&Ztltzm&VG aNf^ 

*>*> , y >y i o 9 i=*f«-r4ai^fc <e<oww*>»»- 

ZtlXU&. ZtHzX*), :<0ffi3|W)GaN|mi/ 

-IfCJi, fiWtt*afeb^ttl^$SLfc*WE-K 
[00 11] 

£t£*OGaNiiM£j£flsU-- f\ -f3r*>*>. XM/-h 

[0 0 12] r=Sr*>fes H4fcJ:V05Kijcftie*<9G 
aN*¥3Wfcw--yfciitvc. AS8filS^^tt}«t$ii 

ft t»±, u * stow* 3 ^ mmT^st -r h z k ifimt 

HIl 08fcpll«@l 1 2i:tOr?>^^MiW*»-^ 
£ft. IBi6mffi* J ±#-fS. 4*2. <I?>*§-3\ Gain 

xwrnm-zzkizzo, wwmfii^&zwzmz 

[0 0 13] ZcD^olZ, ft*<9GaNi&¥*#:U--!f 

W£ 3 Am ^li^'Tlf, -e<D£ 
ft . Raw**** - H L^iTt ik^o f5\m&h 

-if«<oaj««» ajw#ra**3fcfl:u i^-iwttjiawi: 
i o *> fit) fc z *> t« Lfc«^. x v 9 tfmmzmfc 

%Mk LT®m-i-&Zkl*TZ%<%?>. 
[00 14] GaN^¥^ffcl^— «f£3fc7 r -f X? 
»D#aU:L?Jlit>4*^ iMHIHR^^moh* 



1 GaAs3%¥^#U— if^A 1 Ga I nP|^ 

WV-^HkikMLX. mfr±X#f\,zffiiL^®.Wm%. 

tm$.ZiXZ>» -Weft, GaN^^flsU-if^T 

mwcoxmizm t ^ s ais«ffiT'co t - a@ 

[00 15] CCO^cOGaN^^l/— 9 1 - 
£gl vet*. ifc<0«fc ? %m&frt> . 'J v 

[0016] ttte-h. 04iaitX|a5tc^^1a!*c7)G 

iST^Xv^tcJ: oT 'J v i?m 1 0 9 fcrSJJ&riffl 

^rt»<0i:~rS3tftfc:(i, 'J v >-'F*g^^!)JSff^lfeA 
n5: x TyX^W^^zXhmmm^T^ ( 2x 1 O" 3 

[00 17] ZZX. S6fc. 04i>j:^-H5^-rt 

h Is—bXhyJ Tm<D V -y : Jffim* ^rT £ G 

GaNOS#f^n = 2 . 504, »ftA=400nmcO 
*ft$r^-i.T^ft/; 1 KO^ •/ h^-^^T'S) 

fiT^-s:#j« l/w t s <v$mmm A n cOTRS ( A n 

= 2X10- 3 ) 5r^-r. vIcOGaN^^V— 9""$:* 

A<0TMOpI^3ig^-mtf J:t->*< s Jf-v VTWT^X 

A, K«Bt5j:i^B«rciB4a3t«« (H6tf, 
JfeLJtgP^) ^=3:0. CLC7)%^, 'J>y>-'i|iW«i2)Umm 

[0 0 18] 4fc, -9"7r>fr*«±tf^$^Ga 

«rt^ftfc, G a A s S^^i; d ^mmco^tcW^Jt. 

izmk?$ixhm>wm.<?>¥mfa\s-- iftwtit g 

aAsfflStffil^A 1 GaAs^iftk-m 1 
Gain P^^flsU-Hfcoj: 9 aMSW^rJiilttJ: 
SftJfSSgB^^^TJi^t^ -e^^ft, 04i> 
it/ia 5 fc^tta!*<^G a NjMM»#U— T^fct »T 

(4, mm- h 2o^isw^ 'j v 1 o 9 c^g 

^l6jL^*»-->T*®^^-[6l(c*fLTSat^^^t> 

i fc * 4 «> s . z<dxo izim&mmimffls&iiftiztt 
^c^w*>ffl<. znztii, mvizijki-itms^m^ 
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[0019] 2m&mffi<7)MZte. ±&cr>£ d izls-^f 

fzmz. u--ftmtzmi%m&i:5-z.&. *zx*. 

f^Sr^-T. l218fcJ:t>'09lCiiV>T. tttftAUUvi^B 
W=4//mt Ut*§-£\ iHBti'J 7 yf|W=3Mmi: 

[0020J do L3tS^«i, ^x-yvtcoSWCI^D 

[0021] H8&£tfB9ft>&ti. UvS^H 

W#4 /tm^3^m^2wmi: %JS£/h3 < &ft tcfto 
T . £«3Mfii!*>«S$ t:# a SSfRftMSftfiTfc J: tfH 

[0022] 4fc, &£ftG aNjjMftMfcl'-ir?l*. 

flLtSMfoM^ fc U y xflgwJiSK-f ft d kWtt* L 
[0023] L*> L9»P&, -rct=3fi^fc J: 3 fc. t£# 

gg»m£E£±#£ -tira i fc 3r < , JHf 
[0 0 24] Lfc^ot, iOf&BFkOBWIi. IBift^EE 

[00 2 5] 



tf^co^-y KJffc^U £12 CO? 5 •/ KJffcgft^ 

*«T4«fls*5Ri 1 1 -v&<t&m&foim^ti* 

[0026] i^Bjtfcv^T, mnurn m-v» 
ftp± o»«ifc4«5r < fc fc 1 mm<o 1 1 1 mfcmt % 

4-3r<fcfcN£-&^ ^-tcJ;^-CI±$t^Asi^(i 

P Sr^tfV&TCSfc^Srft . 

[0027] iojKBttJv^T, «aai?Matmfc l 

Tti. Mi-tf, BMb^Usy (s i o 2 ) _ Iftyijn 

y ( S 1 N) Zcb'CDffimft.. A 1 GaN, Ga I nN, 
GaN^rfc^M-fb^I I I -VJSHfc^WSHWfc. Zn 

s^rfc-co 1 1 -v imitis®*m#tfm^t>ti&. 

[0 0 28] z\<omU,z]3i\Xli. IBttmJE<0±#€rW 

0jLoo, m^-v^^mizm^-rt^iz^ wmz 

BtfcttS1@*<3^mJ^Tfc®{mi)„ mSt$il 

m®tztiV&m (^SflMfiST^ffi) ^UWSrSiKgtt 

o^Tti, J: KWmizte 2 m mJJl± 3 m m&TKWi 
ix, 2t> ^zKfMizli 2 n m JjlTfciWf *t ft . 
[0029] ±^oJ; o {zm^ixtz Z (DWMzZti 

ft, «*-Ht3cS6fc:ltfW4feftfc:, U-y^'gp^S 

ts*^-[6]cowffi® it ft m*m < Lfztfr&Tb ~> 

g|5tcii{tft«i$rJ£<i5^-rft^fc* { T^ft. iitti 
SL^^Sr««t-ft C fc ^T'^ ft <7)T\ *mftU—f<7)m 

mw&*m%thzktf*!&xhh . mz. z^muz 

fcivcti, U-y^aJ<oftlgSfi^rai<o«t»5^St:t5ttfti|i 

* 4 /z mJSUhtKJg L . *o s 'J y xSP^Ji^ft^|nJ 

ffiJESr±#$*ft^fc^r<. «^-H^^L^0fti 
fc Aff* ft . m*- FW&feiUZ^Xli. V y : J&<7) 

im&m-jjfanmtiiimtztiif&mz 2 umixnzmfeL 
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hot, £*)m$wchh. 

[0030] it, Z<r>WMz£tl\$, U v iS®<7>2m 

\f&m*m<i-&ztiz£^x, is«if«07K¥^i6]^ 

t'-J±&W9ft*2 t>lzfc<-t&zttfX't< &<r>x\ Z 

**C**. 4ft, Z<m. U ySWgtWEtt4a>f' 
*SK=*iW-4IB&, 'J >y ^»<0ftSSW*-|*K0PiSiiiifc: 

[003114ft, £«>9MHfc:J:*ifcr. 'J >y 
a-7^^)^Sr fflWr 4 i t *>"C£ 4 . iixtc: J; 

■y^aJ<^i^^rifI^)Pi«Bfc:i3{t5«g*^< Lft^ 

-g-, ^wu-vtm'omzz^'cmgLZix&wgtiW 
mztihcr>x\ m Y )ftt<zi.*>xmm2ti&S'< xz&m 

~?&ZtWX'%Z>. ZCDVg, -I^BJ-Cti, U-y^ffA 

&<dx\ y •/ s^oftf^^^wBBKiHt 

[0032] 

[«w<o»io»»3 uit, z<r>wmmmmizr>^ 

iz&ux , R-4ft{itt^&&#fct2l^9fiP^£f* 

-r. 

[0033] 4?\ ^<^^<ogg i ^SOBBlBfco V>T 

iJBj-fs. nifcj;i>'02(i, z<r>wn^\<^mtm 

[0 0 34] 01t3j;l/ia2t^t"<t5^, Cc^SIIct) 
Htfef!8tJ:5GaN^fii*l/- SHcfcvvctt, #R 
fcJT, cfflcr)t7 r >f 1 ±l:7y H-7(0G a N/\' 
•y37rJ12£tf-LT, nffiGaNrjy?? hJf3, nl 
AlGaN?57Hl4. Ga I nNjgtti5, plA 

1 GaN^-yTJl 6, pSA 1 GaN?5v K17fc 
llf P MG a N n y ? ? hS 8jW8aS«JiSiVt V . 
nlA 1 GaN^77 FJ14 J;t>'pS A !GaN?5 



>yK®7t7)Alffljjg(i:0lJi.(f6~8%SST-&'3, Ga 
I nN*S14J15<9I n«^{±<?IJx{fl 5%^igT'S>4. 
icOGaNm^^l^— !fC0^3KWi4 0 Onrnfl 
T$>!>. 4ft, pSAlGaN^+ 7 716(OAlM 
<i2 0%g«T$)l>. 

[0035] pIA 1 GaN75>y F«7<7)iJig&t3i: 
tXpSGaNnv?? bJ18{i, -Tftfilt^^Sr— 

tlt>cr)pWA 1 GaN^77 K«7<5D±«gPt>J;tXpS 
G a N n 1/9 7 hm 8 lz£ 98fj££ixft U >y 

•t. z<ov ",i^9<»mmz^x\±, mzwmuzmm 

[0036] nlA 1 GaN?77Kl4, GalnN 
pIA 1 GaN^7716i>J:^plA 1 
GaN?77 YMl <OTmm±. -# ftto^Ef S0fS 
*»-WBtt£:T*-&. fiF^l Oti^-^^^-r. =3: 
fc, H2tcj3fT{i:, iO^-^-gBl 0fc^JEE-tSgB7)-A>' 

[0037] 'J v^'SP9c7)Mffi!I^SP7>(ti±, ffl*J£, G 
a I nNj§1±^ 5 L&V^S i 0 2 
«SJ| 1 1 jW»RS*u J: -o TTO^m^fS 

$ixrv^„ i o 2 mtmrnmi i«, mena-c 

O^^rRftih-r-Sft^tc^^l 0tf9f!lH£kf^t£>fl 
T^l). 4ft, CO«fcd^'J yvgP9c7)M[itS i0 2 

m^^e 1 1 tfrnrnznz z t i o t , y -y 9 

atff^jiA nti, df-v y Tcoy? xvsfist a-^t y -y 
t, #afc:ii«i»2 x 1 o-na±(c*»i*. 

y v >-WhO|©?&SJff^A n(±<5IJx(f 2 X 1 

0- 3 fcig^$ir4. 

[0038] P lGaN3W bJl8i5j:t/S i 0 2 

w$m&m 1 1 co±t{i, CT^ji'N i/pt/Autffi 

<9±53rpffl!l«ffil 2*^tt^ii, Otl^-f 
SnlGaN3y?^ hJf3±£t±, «^fTi/A 1 

[003 9] 4ft, :«0GaNI^ftl/- !f«0M*il 

«-f&GaN3R¥»flK»fc#C»R! («KK»BH) "Tii 

c0*ffiTSSt$tt-|.^:k*>'^:<, LftA^T. Ccoi^- 

[0040] j; ^ c^$^ftc:osg i c7)Mfi» 

Mfc: J: SGa N&tmftls— TTJ±, U y i;iW«S8» 
®#f3^An, -T^i?^, U -yv'a59^JSi-€.g6*k 
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*UCV<>£. 2^e. £cOGaN^^tfsl/--rci;i. y 

tc j; o , ct o -jico«*- h <rm.m& mhzt 

[004 1] W.TIZ. Zcr>m 1 OlUS^^fc J: SGaN 
[0 0 4 2] -r^r*>*>. Illi5«tt^ia2fc^-ridt^ 

«9a£#*-4. £C0y>y^'gfl9li\ AfitiffA* 

[0 0 4 3] £<Z>U-y>*»9fc:j3lvC, &S»£:frrtW> 
P«»fcRW-£»*Ufc 2oc0f— ^-ffi$9 a(i£V)&(2 
B^U**^ S-^-TS. £*i6*>?wt-fl(tt9a 
^lt«0^$2Li J±. +#&&®fij^»*#f#£*t.g> 
idfc, ftfiS^SL (L=2L, + L 2 . L 2 

JiXhP-MSttJ9b<7)S$ ) col Ofl-cOlULb. -TSr 
2L! ^L/lOtts:h&olzmf1xZ>. 

[0 044] H2(C*JV^, Wi f±y >yvgP9c7> 

Wig#l«^|6l^M«St^JtSiti^^L. W 2 ti'J.y^ 
gf9(0*^^[ajc0^ggtfctt'S.i|SSr^-r. .1.1 
X\ HW, & s ftiSSS^i^coMajSBttiJt* 'J y xgp 

mztmb 'J y ^'gC9<0Jgg|IT'cr)i|iSrtg-r. ZtlbCDV 

Wi <W 2 WW»*«K:L-CV»«. dix^OU 
«y^*a59<y)«««g^|&l^pj4igBS(3ti(tSi|iWi fcitf 

|gl6«JE^±#$r m\ Loo, K *3Sefc:ltm- 

5(catr<x, J; 0#BS£{i, 2um^w l &3 M 
mi>oW 2 S4//mfcyirSJ:3^Sifii, ££>lc*?®fc: 

[0 0 4 5] ££T\ Z<7)mie>mfmmt<z£6Ga.Kl 

HL = 5 0 0 /x m „ »J -y ^'gfl 9 Of— y 9 a CDS 

SL, =100jum, ^M^-bli«{9 bc0^$L 2 = 
300/iin, y <y i^gfl 9 cO^SS*^(6it0^ffl^iJtt 
««W! =2 Mm. 'J-yv»«9^*S»ft*-|*l^+*» 



[0046] ±j&C0± o Izffi&ZtltzZcDmWni CO 

mmmizj:z>Ga.N3&mfr]s-wzj:titf^ y -y ^ 

&&Tfon*&m^*mft&iTfocoffi!&t l zftfroij 
mz<m&wj??z> T-Js-m® 9 a * w-rs £ t £ <t 

[0 04 7]-«rJ?*>, £<5D!|ll<y>!iS6^®£J;&Ga 

$\cmm®iz7--n-m& 9 a * zttzz<o. y 

•y^gB9cO*ffiS«^|6]C7)MffiHfci3(tl>i|iW 1 

& , \) *y ^'gP 9 «^fiSW^raio+*8fc*i ttS IHW 2 

fc*>fc, 'J >y >*ffl 9 <0ftig»JI:fr[fi|<9Magfl5fc:i3 »t* M 
W x £ 3 x< m **Wlc{ifiaj^ Lfc i 5 2 ju m f: 

gP 9 02«tHg#|ftW>'ftfe»fc:*» «t S 1W 2 & 4 /z mtJl 
±. Jrfi|sWc{i^Lfv:i3tC4MnifcJ!S<iS^-r-l»<I 
ZtllzX*). plGaN3y^?M8t 

T<V&im.fi-Zmfrt&Zbi) i X'Z&cr>X". :OGaN 

[0048] £<0<tot^ dc7)®l(7)||S^®tJ:ix 

^-T-SitAH'SgTfca. !RflC. ^tf«L=5 0 0 

f— y\°— ^9 aCO^^L, =100^m, 
l^-h^9bc7)^$L 2 =3 0 0Ain. U«yxgP9cO 
ftSSKS-lSKOPSWiittSttSdW, =2 x/m, 'J-yi^' 
»9«««H»S*l*I<04'*«Bt:*J«tftfiw 2 =4//mtc 
iS^^iX^ ^ com 1 <0HSfi®®^ iSGa NjR^mgfrt' 
-IfcOJ^, ^fcit^SlB^-r^OGaN^^ 
FlZti^X. ^JSSSL= 5 0 0>um. V -y^'gp 

I 0 9cy)^W=3Mmi:L^^J:Ot>®8irjy^^h 

com 1 cO||JS»®tcfc ^TJi , U -y >>gp 9 co^SSI^ 
[fijcOpSSffltCjottSilW! *i2Mm^|S^$ixTV^£ 

I I J: 0 , 4f + u rcor ^X^mSr^^T^xfc** 

H^>»fi*ff £ t j&n?rirc* o ( h 6 # 

51) . Lfc^T, iS^cOyK^^E- HcoHit^ WJf 
S£t^T^Sc7)T\ « ; £-K^J:y^^SsS^-ri>£ 

kwqmx-bz. 

[0049] tfz. Z<D&1 wmfflmiiZJzttiX* y y 
^gP9cOft^^f^cOW3^cOf--VN°-^9 aT'CO 
<k 0 , jgmffmcoyK^l^cob'-AfiE^ 

Vftez/zfo^-thz ttfx°%&. ztuztoz-X. zco 
m i vymmmxii , y >y v-'gp 9 co^ffitg^^i^co^ 

HlCfcttl.liW! *i2Mmi:^<iSS$fi.T^S£i:tC 
iit. ^S®C07k^|t]C0h'-Aftfc*<i5A^//*i$ 
^^Jfc*:^ix-cw%|> . ^fitjtcJi. y -y >?gp 1 0 9 <7M 
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W#3 m mCOf&fccDG a Nliflfltl/- «PCti, jUISI? 
flWfcJc^PKO t'-^J£*i 9 ft 6 ° Xfo &<D t*T 
LX . H >y 5^9 0&JSHH»#flOii*iBfc*«t4 «W 

1 #2/zmk^fc£ft££^m^llJ6J£JStJ;6G 

te*>'>,ft0//£8 o gJSt-Cfi£^:-rSC:i:*iT'?=-S.. d 

[oosoiifc, cicom i commmizitiix^ v *, 

<^CHHH%^-|CicomiEe(C*3t-t& «Wi #2 urn 

2 Sr, Uv5^»9fl!«Ji»S^ri8l<OW»iiIt=«»t&«W 
9 c^^SS^rffilOWSSffi^^ftSitSW! 

[0 0 5 1 3 tLhOiptc. «I«>Sll«OS68l0B!ttfc:J:;h, 
S ; k t «t 0 . U7i«9 <o*iiS^i*i^P^BBtfc 

^ss** i? n e #3&!&mm#w *v * t 
[oo52]Kt> z<r>wn<7im2<r>mmsm.iz^x 

Wmth. H3li. ^«0^Bgom2^«fi^CJ;SG 



2<omfmmiz * & g a n»¥»*u— y<o»^kait 

coo5 3] ia3tc^-rj:at, zcr>&2cn>msmmz 
£z,GaNm i mtki'-~wzt5v&o-yi;&9i^ *m 
&Miimnm^coT-^-mM9 a.tm$kimffiffit 

OWl&Zti^ticryffimiz, %— ^rJaWj coxh^-h^ 
i*9c£££>t;:3r?-&. H3K*JVvt, L 3 {iitt^^ 

M^-h««c9c{±. U'y$^90&fHHMI#ftOM^ 

nK-t&zttm&HK zcvm^. zti^cnxw- 

hfm9c<?)Sk2L 3 <?>±m±. mti22 0-2 5 um 

mmizmtztit. 

[0 0 54] ZZX\ Z<Dm2cr>mffiBmt l z£&GaiN 

*L=5 0 0/im. U y^'gpgcOx-^N-^gaco^ 
$Lj =100xtm. *m$mii\iilcr>tp$&<r)XhU- 
h^9bcO«$L 2 =250Atm, 

v-'SB 9 c0*jl^*^(6j^Wi®BBfcfc ttS «§Wi = 2 ;u 

= 4jum-CJ)5„ 

[00 55] Zcr>&2<vmtmmiZj:&GaN&¥mik 
V--*f<r)±.mX>Y<r>mm& . m l COIQS^®^ iSGa 

[00 56] £cDJ&2<7D!!Sfe7e2KfcJ;*lJ*\ mi^HSfe 
JBBfc:*SJt 6 k HHW)!pJjiSC*»4 Z t *>'T'^ -S kftfc, 

■h, z<?)Wi2<r>mmmiz}i\.\x\&^ v-yism9?)*m 
$&xfo<vm^<?>ffi.mzm--%mwi <d* mb 

^9c*>'lg(t^Tf>i.£t^J:0, *«H^nXi-S 
Rt, 'J>y^'gi59cOftSS^(6](OM«ffl^*5(tS1a^ 

smtWj k-r-scik^T^s. ^acto. ftssw 

^O^ffi^tt^'J'yvgpgcO^W! -c, 
fttSS^rej^^gP^fctt^ 'J •y>-'gi59<Dil@*>*W 2 T 

[0057] liU:. C^B3^J6^®^O^Tfl:*W 

[0058] mux* ±j&<r>m 1 *s ii/s 2<7)mtmm 
iztouxm^fm* mm. wm*fu$>< txmtz-t 
&-r* !zmv£ixztit>tm%zfm* mm. mm* 
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[0059] mfamzii, ±M<m 1 asnfm2 const 
u <y ^9 <7>*m$^i3ft<7>mm&>A h v- mb«B9 

[0060] 4*: , ±^ss i itx^ 2 nmtmB.iz 

<r>^mzmf^titz2-o<7yr--^-m^9ai±. yuy 

if&9<Dmmmt>&d&mT2>~>xi>£\,\ ttz. v 
•y i?m 9 «f-^HW9-a a, ^m^n^^w> 

m±%< , rt«i*fcj±jMitc»ijii LJtM-c«^ 

, 3*VCWCfcJ:l,*. 4*2. 'J -y>-'a59cO^SS^|6]^ 
+*aiOXM^-hfl^9bco«$L 2 £0 2: LT. U 
•y ^gP9 **jffiS**|6l^)PUi»c07 4 - J ''«Hi«9 aco 

[ 0 0 6 1 ] 4*:. ±ftcr)m 1 t5J;^2cr)|IM^©t 
&Wti±, U yi^9<OMIlC«^&4ixl>mM^Jf 

cow^ttTSio 2 jwhv^jvo^**. z^mmm 
mmcommt lxiz. znamzh a i GaN, Ga i 

nN. GaN&fc'O^fL^I I I -vmt^W^m 
ft, S i N^ifC0pm«s, Z n S&i;V> I I - V I Mit 

■&wm#zm^xi>£\,\ 
[0 0 6 2] 4*:, iMo^mzif^commmiz 

mzLXt>£\\ 

[0063] 4*:. ±M^>mitsj:v : m2cr>mmmmiz 
auxn. mit Lx-*r7T4Tmmzm^x^&w. 
ztia, y-yT^rmMizitz-xxv^mi. sic 

StiL ZnOfflg, GaPStRSrirSrffl^Tt .fc^U 
Ztit>comLkl,zmftM% l I I i-vjJMte- 

ffia*-csx9*99Misto*i i i -v^-^^f^ji 

<0**»O«R, GaNtt^i^^S-ft^I I I - 

[0064] 4*: , ±^com 1 i> J:I/^i 2 nmte&Mlz 
**tvni s .ICDf&Bfl&DHfSit (Double Heterostructu 



re) C0G3.H&¥mfal/-y : t l zmmLtZi§r&<,Z'l^XWL 
WLfctf. dC05|H3{SSCH^jt (Separate Confineme 
nt Heterostructure) COGaN^^l^-— iftCSfflf 

[0065] 

[^BJCO^*] ±iSc04 3 fc^BJcS^d^HJ^in 
3aKB**l*l<0i*i*«t=*Jtt&«*i itPJ >y >&e>£& 

#TS*«0T\ KttmffcOffi«, flHr-r-'COgc^fc, S3 

4 x*m<7)\bi±.z&mzmm-f& z t & . ztnz 
3tr -r *?mwcoifcmizm l*:, »it«sff4i 

[HHcofS#^iJiHJ] 

[Hi ] Z(T>Wn<nm 1 ^IBEflBfc: J: SGaN^ 

mftu-wmmmx'b&. 

[H2] ^cOl|B3omic7)SIJt^tCj;SGaN^ 

[03] ^ CO^HBtom 2 COSH«^Sg^ SGaN^ 

[04 ] ^*C0G a N^^f*: ^fflt* 

[05] t^*COG a N^^#: U-UWBSBTC* 

[06] G a N9R¥3Wfcl'— If tfittiS*^— K<0 

[07 ] G a N^^P-^fctJ*t4^faSMHif<75 

[08 ] G a NJRSNWcl^— f fcfcttS^ieg^fflO 
[09 ] G a NjRi|M»*^-1f fcj3»t«*«»*liB<0 
[^COIKBJ] 

1 • • ■ y-yr-iTmi. 2- • •GaNA 7 7ri, 
3 • • • nMGaNrjy?? bJf> 4 • • ■ nlA 1 G 
aN^-7-y 5 - - Gal nN^gttJi, 6 ■ • • 

plA 1 GaN3f-r -yTJl. 7 • • ■ pfA IGaN? 
7>y r-'Jf » 8 • • • P lGaN3^^M, 9 • ■ • 
0 -y j^'SP, 9 a • • • r-^-HHi^ 9b, 9c- • • 

xM'-mwl io- • • s i o 2 m,mmmm. 1 1 
• ■ • prom, 1 2 • ■ • nmmm 
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